Summary
Introduction
A considerable amount of research has been performed on understanding the normal function of the abdominal vagus nerves and the effects of vagotomy on gastric function in animals, with a view to reducing the post-vagotomy problems observed in man. These studies assume that the secretory physiology of the gastrointestinal tract of the animal in question is similar in several aspects to man and this has been shown to be so for many species [l-31. However, an equally important aspect is that the vagus nerve in man and the animals studied have similar properties, particularly in terms of conduction velocity. Although there are several reports of conduction velocity measurements in animals (see Table 2 for references) we were unable to find any such study in man. Histological that the abdominal vagus nerves in man contain unmyelinated fibres and a number of small myelinated fibres, the vast majority being <3 pm in diameter. However, for small diameter fibres the conduction velocity of the axons cannot be accurately predicted from fibre diameter alone. The aim of this study was therefore to record the compound action potential in the human abdominal vagus and measure the conduction velocity of the major components, so that these values could be compared with results from studies in animals that have been used as models for the vagal control of gastric function.
Method
Segments of the posterior abdominal vagal trunks 20-35, mm long were surgically removed from five patients undergoing elective truncal vagotomy. The lengths of nerve were ligated at both ends and transferred into either gassed Krebs solution or oxygenated NaCl solution (154 mmol/l: saline) at room temperature. Great care was taken not to stretch or mechanically injure the nerve. No difference was observed in the responses of nerves transported in Krebs or saline. The nerves were then transferred to a recording chamber containing liquid paraffin. The temperature in the chamber was monitored by a thermometer sited close to the nerve, and kept constant at 3 7 O C by an external heat source. The time taken between removal of the nerve from the patient and the start of recording was 5 min. The nerve was stimulated at one end via bipolar silver electrodes to which square-wave pulses were delivered from a Devices Isolated Stimulator (DS2). The pulses were precisely timed by a Digitimer (D4030 Experiments were limited to a duration of 10 min as the responses deteriorated after this time, particularly in the larger trunks, which had a diameter of up to 3 mm.
Results

Characteristics of the response to a maximal stimulus
Stimulation of the nerve with a maximal stimulus (see below) evoked a compound action potential with several components that were separated on the basis of their latency. The number of separate compound potentials observed in each nerve varied between two and seven and an example of a nerve with four major components is illustrated in Fig. 1 .
From the latency and conduction distance the conduction velocity of the nerves responsible for each component was calculated. The conduction velocities ranged from 0.15 m/s to 3.9 m/s, indicating the presence of both small myelinated and unmyelinated fibres. The range of conduction velocities from all five nerves is shown in Table 1 . The majority of compound potentials recorded had conduction velocities appropriate to C fibres; however, a component with a velocity greater than C fibre velocity (i.e. >2.5 ms-') [51 was recorded in three of the five nerves. In terms of the amplitude of each compound potential the largest wave always had a velocity consistent with conduction in C fibres (Table 1 ). The magnitude of the evoked response to a standard stimulus did not show a decrement over the 10 min recording period used in this study.
Effect of changes in stimulus variables
Voltage and pulse width. The effects of increasing the stimulus voltage on the evoked response were performed with stimulus width set at 0.5 ms and the frequency of stimulation at 1 Hz. As the stimulus voltage was increased from 0 V to 30 V the evoked activity underwent several n changes and an example of this is shown in Fig.  2 . At low voltages a compound potential was evoked with a short latency and therefore a conduction velocity greater than that of C fibres.
With this low voltage of stimulation no C fibre activity was detected. As the voltage was increased further components with progressively longer latencies were activated. The threshold for activation of the C fibre groups was 5-10 V (0.5 ms), and at these levels of stimulation the amplitude of the early fast group reached a maximum and did not increase with further increases in voltage. In contrast, the amplitude of the C fibre group activity increased with increasing voltage and reached a maximum at 20-30 V, indicating activation of all the fibres in the nerve. Further increases in voltage up to 50 V did not reveal any further components. In all the nerves investigated the compound action potential components with a shorter latency (i.e. faster conduction velocity) always had a lower threshold to electrical stimulation, and reached a maximum amplitude at a lower stimulus voltage than those with larger latencies (i.e. slower conduction velocity). The effect of changes in stimulus pulse width was investigated when the stimulus voltage was held constant at 30 V. As the pulse width was increased from 0.05 ms to 0.5 ms changes in the evoked potential similar to those described above were observed. Stimulation with pulse widths >0.5 ms did not produce any further increase in the amplitude of any of the recorded components. For the five nerves examined stimulus variables of 0.5 ms and 30 V were considered to be maximal or just supramaximal. Time did not permit chronaxie rheobase curves to be systematically constructed but such plots are of limited usefulness when dealing with a nerve trunk surrounded by a large amount of connective tissue.
Stimulus frequency. The effect on the evoked response of changing the frequency of stimulation while the stimulus strength was held constant (30 V, 0.5 ms) was also investigated. Interpretation of the results from this type of experiment on the compound action potential is dimcult because the activity recorded is the net result of activation of all the fibres in the bundle and therefore the precise following frequency of each nerve fibre cannot be measured. However, with stimulation frequencies up to 30 Hz no decrement in Present study amplitude was observed in any component of the compound potential. This indicated that all the fibres in the nerve trunk were probably responding to each stimulus. With stimulation frequencies between 30 and 50 Hz the amplitude of the C fibre component began to decrease but the shorter latency component did not. These latter observations must be treated with caution and await confirmation with single fibre studies.
Reversal of the recording and stimulating electrodes (i.e. the stimulating electrodes were used to record from Lie nerve and vice versa) did not alter the shape of the compound action potential or the following frequency, indicating that there were probably no synapses within the nerve trunk.
Discussion
This paper reports the first study of the compound action potential recorded from surgically removed segments of the human abdominal vagus. Although the study is based on a small number of nerves because of the difficulties of obtaining reasonable lengths of functioning human abdominal vagi, several general conclusions can be drawn. The abdominal vagus in man contains a number of fibre groups that are separable on the basis of conduction velocity into Study of the compound action potential does not allow distinction to be made between conduction in the afferent and efferent fibres present in the vagal trunks. Recordings from single vagal afferent and efferent fibres, in animals often used as models for human gastric function, show that the conduction velocities in these fibres are within the range observed in the human abdominal vagus ( Table 2) .
The human abdominal nerve vagal trunk also shows some general properties observed in the vagal trunks of experimental animals, e.g. dog [161. First, the electrical stimulation threshold of the fibres with faster conduction velocities is lower than that of the slower fibres (Fig. 2) and, second, the stimulation frequency at which the slower fibres will follow is lower than that for the faster conducting fibres. The stimulus variables that produced activation of all the nerve fibres in our preparations are similar to those employed by Lythgoe (30 V, 1 ms, 25 Hz) 1171 for the intra-operative assessment of vagotomy in man.
In conclusion this study demonstrates that the human abdominal vagus contains several fibre groups with conduction velocities similar to those observed in animals often used as models for human gastrointestinal function. However, it should be remembered that the present results were obtained from vagal trunks removed from patients with ulcers and it has not yet been demonstrated that in such subjects the vagus is either anatomically or physiologically normal. This is at present under investigation.
